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© Refrigeration lubricants. 



© A lubricant comprising as a main component an ester (s) obtained by reacting (a) at least one polyvalent 
alcohol selected from the group consisting of pentaerythritol, dipentaerythritol and tripentaerythritol with (b) at 
least one straight chain or branched-chain monovalent saturated fatty acid having a carbon number of 2-18. 
This lubricant is used for compressors using a hydrofluorocarbon refrigerant containing no chlorine. 
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This invention relat s to lubricants used with r frigerants, and mor parfcularly ^^"^J 
us in the compr ssion of r frig rants containing no chlorin such as hydroflorocarbons (HFC), pr ferably 
HFC-134a(1.1,1,2-tetrafluoro than ) and th lik . 

Heretofore, compounds containing fluorine and chlorine as a constituent I rn nt .sue as R11 
rtrichlLmonofluorwnethane). R-12 (dichlorodifluoromethane) as a chlorofluorocarbon (CFC) R22 
mo^S a hydrochlorofluorocarbon (HCFC) and the like have been used as a 

^ jrzTrrrconditioners, refrigerators and the like. In connection with recent problem on 
ofeaC ol I ozon" layer, new refrigerants containing no chlorine such as HFC-134a and so on are proposed 
as a oossible replacement for R-12, causing no breakage of ozone layer. 

TrrefrigerS Hubricant. there are known many mineral-series and synthetic oils. However, it has 
been co^SS 2se oils are very poor in the compatibility with HFC-134a and ™ ««*^ 
^^Therefore, it is important to take a countermeasure on this problem at the present Fu rthenron* .the 
ubS eSc nsulating property, energy saving property, anti-wear performance, sealabilrty, thermal 
sS" prevention of sludge formation and the like are mentioned as performances required .n the 
X^Snt. so th"* they are required to be considered in the development of the above 

TOU SSy there have hitherto been known polyether series synthetic lubricants as a synthetic oil 
which a^e Srte7in Journal of the Oil Chemistry, vol. 29. No. 9, pp 336-343 0^ « J? 

Soleum Technology, vol. 8. No. 6. PP 562-566 (1985). Furthermore. Japane* Paten la, .open No. 61- 
?Rnq9 describes a mixture of polyglycol represented by a general formula of R,[0-(R20^ .Rsl, an 
?kl SniTanTthe Ifce and Jap^e Patent laid open No. 57-63395 describes an oil obtamed by = 
aSeTer s'ch as high motecu.ar weight po.yoxypropy.ene monobuty. ether with an epoxycyc toamyl 
^mpo^d a^d Japanese Patent laid open No. 59-117590 describes a high v.scosrty mrced o,l of a 
nolvether compound and a paraffinic or naphthanic mineral oil. . . . 

* JZeZ Z conventional synthetic lubricants as mentioned above can not be a refr.gerat.on lubncant 
..cinn HFC-134a as a refriqerant from a viewpoint of compatibility and the like. 

?n US Patert^a 4,755,316, polyoxya.ky.ene glycol (hereinafter abbreviated 
aroups (-OH) at both terminals is reported as a refrigeration lubncant us.ng HF ^ 1 ^/ U * e '' rt * 
described that PAG is disserved in HFC-134a within a wide temperature range 

PA^cTtJninq hydroxy, group and alkyl group at its terminals, whereby the recycle of the lubncant mto a 
ZSTSIISS i JrefrigeSoS system and the seizuring -^Tol^Zo^ 2 
high temperature is prevented. Moreover, the temperature range compatible w.th HFC-134a is descnbed 

* On*r^% d F^a is a rep.acing refrigerant of R-12 and is mainly expected 
conditioner ™ refrigerator and the like. In case of the refrigerator, ft is required to have a 9»doori^Mrty 
b^eln tub^cSt and refrigerant and further the lubricant itself is necessary to have an etectnc insulating 
^1 ESS me motoT is substantially existent in the refrigeration system. However, the conventonal . 
SSSndT^M « a lubricant for HFC-134a refrigerant inclusive of PAG disclosed .n US Patent No 
%£Si fU^S**, Poor in the electric insulating property as compared w.th the convention* 

^f^^o^ a refrigera.cn lubricant having an except 

Ji^Z a new refrigerant such as HFC-134a or the like within a wide temperature range, a h.gh 
electric insulating property and a low hygroscopicity. R . 12 R -22 

At the present, a part of commercially available esters is used .n systems us.ng refogerants RJ^RZf 
and the like, but is incompatible with HFC-134a as a new refrigerant or is very narrow in the comp^ 
^ g r*erewith. In this connection, the inventors have aimed at the fact that the ester has a h.g .electric 
nTafinq pmperty a low hygroscopicity, a good lubricity and a high stability as compared with PAG and 
Se variousC^ with res'pect to the molecule design of the ester showing a wide range of oompMW^ 
S hJESU and found that only esters having a considerably restricted structure can be used .n the 
cn HPr rpfriaeration svstem and as a result, the invention has been accomplished. 

S tTT M XSt of the invention, there is the provision of a lubricant for hydrofluoroc^bon 
refrio^Srt 2ch i HFC-Sta and the like comprising as a main component an ester cornpnsed of 
Sd at least one straight or branched-chain monovalent fatty acid havng a carbon number 

55 ^ ^/Lrding to a second aspect of the inv ntion, th r is the provision of a lubricant for hy*ofluorocarbon 
r frio^rrt slh as HFC-134a and the like comprising as a main compon nt an ester composed at least 
on^of ^^ritol. dipenta rythrito. and tripenta ryttrfto. r pr sented by th following g n ra. formula 
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CH 2 OH 



H- ( OCH 2 -C-CH 2 ) n -OH ( I ) 

CH 2 OH 



(k, which n is 1, 2 or 3), and at least one straight or branded-chain monovalent fatty acid having a carbon 

"""SSSfc a third aspect of the invention, there is the provision of a .ubricant for hydrofluorocarbon 
HFC-lL and the like comprising as a main component an ester compnsed of a 
polyvalent alcohol represented by the following general formula (II): 



CH 2 OH 



R-C-CH 2 OH ( 2 ) 

CH 2 OH 

(in which R is an alkyl group having a carbon number of not more than 3), at least one straight or b^ched- 
Ln monoialent fat^acid' having' a carbon number of 2-18. and not more than 25 mo.% per total fatty 
acid of at least one polybasic acid having a carbon number of 4-36^ tafrafli.nroethane 
In a preferred embodiment of the invention, the hydrofluorocarbon refngerant ,s 1,1.1 ^-tetrafluoroethane 

^^e^LeratJon lubricant for refrigerant HFC-134a and the like according to the^ first invention 
com^TeSr obLed by esterifyfng neopenty. glycol with at .east one straight or branched-chain 

is duet acTS when the carbon number is less than 3. the viscosrty is too low white when rt 
^s 18. thfresulting ester becomes cioudy or becomes very poor in the compatibility with the 

^Kel^entCS mention may be made of phonic acid, isopropionic add bu^ic acid 
isobutani pentanoic acid, isopentanoic acid, hexanoic acid, heptanoic acid, isoheptanoic ac d, 
cSS a^raXl^exanoic acid nonanoic acid. 3,5,5-trimethyl hexanoic acid decanoic aod , u n- 
iSc S Iau7c y acid. myristic acid, palmHic acid, pa.mitoo.eic acid, stearic acd. isosteanc aad, o.e,c 

^in^flrsl'lnvention at least one of these monovalent fatty acids is properly mixed and esterified with 
neoSel" ! y^"to oS'n an ester satisfying desirable physical properties required for various refog« rators^ 
"TclftolbL a sufficient* satisfactory compaBbilrty wrth ">^™™££Z* ^ 
referable to use a mixture of straight chain fatty acid having a carbon number of 3-11. preferably 5-iu ana 
al^e^haTn feJy^id having a carbon number of 3-14. preferably 7-9 as the monovalen atty aod. In 
*e ™oZa< the straight or branched^ fatty acid used is preferable to be not less than 50 
mol% per the total monovalent fatty acid used. 

According to the invention, in order to give a proper viscosity to the resulting ester, at least one 
doIvS aS haJng a carbon number of 4-36 may be esterified with neopenty. glycol in an amount of not 
£oXan M i moT% per total fatty acid. Among the polybasic acids, considering the more compatibilrty with 
Z naSrant ^FC-Sia and the like and the physical properties of the resulting ester. • P*» 
^racXn number of 4-10 is preferable. Concretely, the polybasic acid includes succinic 
aad Lip^d. pime.ic acid, suberic acid, azeiaic acid, sebacic , «M c acid mateic and, tome^c 
acid and so on Moreover, the polybasic acid having a carbon number of not more than 3 .s a special 
"1" an" is difficuK to be ch£>.y avai.ab. and is poor in th stabi.it> r of * -I * 
, Li . when the carbon numb r exceeds 36. the compatibility of th resulting st r with 

r is largely lowered. In the inv ntion. the reason why th amount of th polybasic : aad added * hmrted to 
not mor than 80 mol% per the total fatty acid is du to th fact that wh n rt xceeds 80 mo.%. th g lation 
may be caused and it is difficult to obtain d sirabl physical proper* s. 
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Th ster compounds according to the first inv ntion can be obtained by th esterificahon reaction 
through d TydSTreaction betwL th specified polyva. nt alcohol and It* «* " 

TZned aoov . or th g n ral esterification reaction through an acid anhydnd , an ac,d chlond or th 

,ik8 Sn^r'actS totte invention can be obtained by the above method, the remaining acid 
valufaS Mrot vSS are not particularly critical. However, when the acid value exceeds 3. there .may 

^d a^Iavorable phenomenon that the metal soap is formed and precipitated by the 
* .etfu Jlde the refrigerator, so that the acid va-ue is preferable to be ™™g 
when the hydroxyl value exceeds 50. there may be caused an unfavorable phenomenon that the resulting 
~£ hZZss cloudy so that the hydroxyl value is preferable to be not more than 50. 

T^EE^'rl^ WS-iSL and the like according to the second invention composes an 
^JImSVSSv at least one of pentaerythritol. dipentaerythritol and tripentaerythntol repre- 
STted by ^ genera, formula (I) with at least one straight or branched-cha,n monovalent 

1^^^XrT,s monovalent fatty ac« is-™ ^ se 
when it exceeds 18. the resulting ester becomes cloudy or becomes very poor m the compatibrlrty wrth the 

^el'novtrenTf^S. mention may be made of acetic acid, propionic acid isopropjonk 
butantfc T is^butanofcacid. pentanoic acid, isopentanoic acid, hexanoic ac,d heptano.c ac.d ^hep- 
^^Mclcid 2-^yT hexanoic acid, nonanoic acid. 3.5.5-trimethyl hexano.c and. decanoic 
S ! unoSanTacid Jauric aS'mynsfic acid, palmitic acid. pa.mi.ooNc acid, stearic acid, .sosteanc ac,d. 

nte ZZSESSi -novalent fatty adds is properly mixed and esten^J 

with peX^l. or its condensate to obtain an ester satisfying desirable physical propert.es reared for 

a suffice satisfactory compatibly ~"^™XE£™ Ld 

This case, the amount of the straight or branched-chain fatty acd used ,s preferable to be not less than 50 
^IrL^T^^ZT^Totx* viscosHy to the resulting ester, at least one poN*asic acid 
having a caSon number of 4-36 may be estertfied with at least one of P^nto.. 
Sntaervthritol in an amount of not more than 80 mol% per total fatty aad. m this case, the same 
SbScSs aTdScribed in the first invention are used in the same manner as in the first .nventKMi 
^S elTer expounds according to the second invention can be obtained by the same method as ,n the 

^■n^Sers according to the second invention, the acid value is preferabte to be not more than 3 and 
<o the hrtrotfvrtue is preferable to be not more than 50 likewise the case of the first .nvention. 

iSlS for 'rcfrigerant HF0134a and the like according to the W^^-"* 
obtained by esterifying a polyvalent alcohol represented by the aforementioned gene^ formula (10 wrth at 
S ol 4St - branc^hain monovaient fatty acid having a carbon numter ofj M8« in .t more 
ftan 25 mol% per total fatty add of at least one polybasic acid having a carbon number of 4-36 as a mam 

45 ^JZTthe carbon number of R in the genera. formu.a (I.) is not less than 4. the compatibility of the 
resuZ elr^HF"l34a and the like is largely lowered. As the polyvalent alcohol, mention may be 
made of trimethylol ethane, trimethylol propane, trimethylol butane and the l.ke_ 

In the third invention, when the carbon number of the monovalent fatty acid is more than 18 ^rt becomes 
very pi of the resulting synthesized ester with HF^;*^. * 

strafcMor branched^ monovalent fatty acids havmg a ^ n ^^.^ 0 .^ r ^^^ 
monovalent fatty acid, mention may be made of the same llTtoTzts a s peS 

As to th polybasic acid, the polybasic acid having a carbon number of not more tiian 3 .s as special 
product and difficult to be cheaply availab. and is poor in th stobi.it> r of *e st r a« . ■* synth as. 
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Pr ferably, th monovalent fatty acid is 2^ethylh xanoic acid, and th polybasic acid is adipic acid. 

Moreover, the reason why the amount of the polybasic acid added in th inv ntion is limited to not 
mor than 25 mol% p r the total fatty acid is du to the fact that when it xceeds 25 mol%, th gelation 
may be caused and it is difficult to obtain desirable physical properties. 

The ester compounds according to the third invention can be obtained by the same method as in the 
first and second inventions. In any case, it is desirable that the ester does not contain carboxyl group. 

The esters according to the invention exhibit a good compatibility with the refrigerant HFC-134a and the 
like over a wide range of from low temperature to high temperature as a lubricant for use in a refrigerator 
using HFC-134a as a refrigerant, whereby the lubricity and thermal stability of the refrigeration lubricant can 
be considerably improved. Furthermore, they are high in the electric insulating property and small in the 
hygroscopicity as compared with PAG conventionally examined as a refrigeration lubricant for HFC-134a. 
Therefore, the refrigeration lubricants comprising the ester according to the invention as a main component 
can solve the problems on the compatibility with HFC-134a and the hygroscopicity, which have never been 
solved in the conventional technique, and can further enhance the electric insulating property, which comes 
into problem when HFC-134a is used in a compressor for a refrigerator. 

Moreover, additives usually used in the lubricant such as antioxidant, anti-wear agent, epoxy compound 
and the like may properly be added to the refrigeration lubricant according to the invention. 

The following examples are given in illustration of the invention and are not intended as limitations 
thereof. 

Example s 1-8, Comparative Examples 1-5 

The performances as a refrigeration lubricant using HFC-134a as a refrigerant were evaluated with 
respect to eight esters A-1 - A-8 shown in the following Table 1 (all of which esters were not commercially 
available but were prepared according to the first invention). For the comparison, the same evaluation as 
mentioned above was made with respect to commercially available PAG (B-1 - B-3, made by Asahi Denka 
Co., Ltd.) and esters (C-1 - C-2, made by Nippon Oil and Fats Co., Ltd.) as a refrigeration lubricant shown in 
the following Table 2. 

The lubricity, compatibility, thermal stability, electric insulating property and hygroscopicity as perfor- 
mances of the refrigeration lubricant for the compressor shown in Tables 1 and 2 were evaluated under the 
following conditions. 



Lubricity 

Seizuring load (Falex load-carrying capacity) was measured according to ASTM D-3233-73 under a 
controlled atmosphere of HFC-134a blown. 



Compatibility 

After 0.6 g of the test lubricant and 2.4 g of the refrigerant (HFC-134a) were sealed in a glass tube, the 
cooling at 1*C/min and the heating were carried out, during which a temperature causing two-phase 
separation was measured. 

Thermal stability 

After 1 g of the test lubricant, 1 g of the refrigerant (HFC-134a or R-12) and a catalyst (wire of iron, 
copper or aluminum) were sealed in a glass tube, the mixture was heated to 175'C, and a color of the 
lubricant after 10 days was judged by ASTM color system according to ANSI/ASH RAE 97-1983. 

Electric insulating property 

It was evaluated by a dielectric constant at 80° C according to JIS C-2101. 



Hygroscopicity 

Into a beaker of 100 ml was charged 60 g of the test lubricant, which was left to stand at a temperatur 
of 25* C and a humidity of 70% for 3 hours and th n th wat r concentration was m asured. 
Th valuation results are shown in th following Tabl 3. 
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Table 2 





Type 


Trade name 


Color 
(ASTM) 


Dynamic 
viscosity 
at 40°C 
(est) 


B-l 


PAG 1 


Adekapol M-30 .1) 


-r ft c 

L 0.5 


Jz.o 


B-2 


PAG 1 


Adekapol M-110 2) 


L 0.5 


105.2 


B-3 


PAG 1 


Adekapol MH-50 3) 


L 0.5 


54.6 


C-l 


ester 


dioctyl sebacate 


L 0.5 


11.4 


C-2 


ester 


Unistar MB-816 4) 


L 0.5 


8.1 



1) polyoxypropylene glycol monoalkyl ether 

2) polyoxypropylene glycol monoalkyl ether 

3) polyoxyethylene propylene glycol monoalkyl ether 

4) monoester of 2-ethylhexanol and palmitic acid 
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As seen from Tabl 3, when th esters according to th inv ntion ar compared with th conventional 
55 PGA (B-1 - B-3), the lectric insulating property r presented by th dielectric constant is 100,000 times or 
mor and th two-phase separation at a high temperatur is not caused. Furthermor , the seizuring load is 
xcell nt and th hygroscopicity is low. Th th rmal stability is equal in case of th HFC-134a system, but 
is considerably xc II nt in case of th R-12 syst m. This is v ry advantageous in practical use becaus 
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the mixing of HFC-134a and R-12 is not avoided at a stag of r placing th refrig rant from R-12 to HFC- 
134a. 

On th oth r hand, wh n th sters according to th inv ntion ar compared with th comm rcially 
available esters (C-1 - C-2), the two-phase separation t mperatur is xtr m ly diff rent and the conv n- 
5 tional esters are insoluble in HFC-134a. In this point, the molecule designed esters according to the 
invention have a great merit. 

As seen from the above, the esters according to the invention are fairly excellent in the performances 
as a lubricant as compared with Comparative Examples. 

io Examples 9-17 

The performances as a refrigeration lubricant using HF0134a as a refrigerant were evaluated with 
respect to nine esters A-9 - A-17 shown in the following Table 4 (all of which esters were not commercially 
available but were prepared according to the second invention). The same evaluation as in Example 1 was 
75 made to obtain results as shown in the following Table 5. 
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As seen from Tab! 5, wh n th st rs according to the inv ntion ar compared with th conv ntional 
55 PGA (B-1 - B-3) shown in Tables 2 and 3, the electric insulating property repres nted by the di I ctric 
constant is 100,000 times or more and th two-phase separation at a high temperatur is not caused. 
Furth rmor , the seizuring load is xc II nt and th hygroscopicity is low. Th th rmal stability is equal in 
cas of th HFC-134a syst m, but is considerably xcell nt in cas of th R-12 syst m. This is v ry 
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advantageous in practical us because the mixing of HFC-134a and R-12 is not avoided at a stag of 
r placing the refrigerant from R-12 to HFC-134a. 

On th oth r hand, wh n th esters according to th inv ntion ar compar d with th comm rcially 
available st rs (C-1 - C-2) shown in Tables 2 and 3, th two-phas s paration temperatur is xtr mely 

5 different and the conventional esters are insoluble in HFC-134a. In this point, the molecule designed esters 
according to the invention have a great merit. 

As seen from the above, the esters according to the invention are fairly excellent in the performances 
as a lubricant as compared with Comparative Examples. 

The HFC-134a has been mentioned as a possible replacement for R-12 and is used for car air 

10 conditioner, refrigerator and the like. Particularly, in case of the car air conditioner, the compressor is driven 
in summer season, so that the compatibility between oil and refrigerant at high temperature becomes 
important. When the two-phase separation between oil and refrigerant is caused in the compressor during 
the driving, the refrigerant having a larger specific gravity remains in the lower portion of the compressor, 
resulting in the occurrence of compressor seizuring. 

75 In case of the refrigerator, the motor is included in the compressor, so that leakage of electricity comes 
into problem. In this connection, the esters according to the invention have a dielectric constant higher by 
100,000 times or more than that of the conventional PAG and are excellent in the electric insulating 
property, so that they can be said to be a refrigeration lubricant for the refrigerator. 

Concretely, lubricants having a dynamic viscosity of 10-50 cSt at 40 *C are used as a lubricant for the 

20 refrigerator requiring a two-phase separation temperature of not higher than -40 s C, so that the esters A-10, 
A-11 and A-12 are particularly suitable therefor. On the other hand, lubricants having a dynamic viscosity of 
80-150 cSt at 40 *C are used as a lubricant for the car air conditioner requiring a two-phase separation 
temperature of not higher than -20 °C, so that the esters A-9, A-13, A-14, A-16 and A-17 are particularly 
suitable therefor. 

25 

Examples 18-25 

The performances as a refrigeration lubricant using HFC-134a as a refrigerant were evaluated with 
respect to eight esters A-18 - A-25 shown in the following Table 6 (all of which esters were not 
30 commercially available but were prepared according to the third invention). The same evaluation as in 
Example 1 was made to obtain results as shown in the following Table 7. 
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As seen from Table 7, when the esters according to the invention are compared with the conventional 
PGA (B-1 - B-3) sh wn in Tables 2 and 3, the lectric insulating property r pr sented by the di lectric 
55 constant is 100,000 times or mor and th two-phas s paration at a high t mperatur is not caused. 
Furthermor , the seizuring load is xcellent and the hygroscopicity is low. The th rmal stability is equal in 
case of th HFC-134a syst m, but is consid rably xc II nt in case of the R-12 syst m. 

Recently, HFC-134a causing substantially no br akage of ozon lay r is closed up inst ad of R-12 
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widely used as a r frigerant in ord r to cope with th breakag of ozon layer through chlorofiuorocarbon 
and hydrochlorofluorocarbon being a great st problem in world-wide seal , but is poor in th compatibility 
with th conv ntional r frig ration lubricant, which is a bar for th d v lopm nt of r placem nt system. 
However, th refrigeration lubricants according to th invention have a sufficient compatibility with HFC- 
5 134a as a refrigerant and a high electric insulating property and also are excellent in the total performances, 
so that they have an effect that the conventional systems can be used as they are even when HFC-134a is 
used instead of the conventional R-12 and R-22 as a refrigerant. 

Claims 

1- Use of a lubricant for compressors using a hydrofluorocarbon refrigerant containing no chlorine, 
comprising as a main component an ester(s) obtained by reacting (a) at least one polyvalent alcohol 
selected from the group consisting of pentaerythritol, dipentaerythritol and tripentaerythritol with (b) at 
least one straight chain or branched-chain monovalent saturated fatty acid having a carbon number of 
2-18. 

2. Use of a lubricant for compressors using a hydrofluorocarbon refrigerant containing no chlorine, 
comprising as a main component an ester(s) obtained by reacting (a) at least one polyvalent alcohol 
selected from the group consisting of pentaerythritol, dipentaerythritol and tripentaerythritol with (b) at 
20 least one straight chain or branched-chain monovalent saturated fatty acid having a carbon number of 
2-18 and (c) at least one saturated polybasic acid having a carbon number of 4-10 in which an amount 
of said saturated polybasic acid is not more than 80 mol% per total of said monovalent saturated fatty 
acid and said saturated polybasic acid used. 

25 3. The use according to claim 1 or claim 2 wherein said monovalent saturated fatty acid is a straight chain 
monovalent saturated fatty acid having a carbon number of 3-1 1 and/or a branched-chain monovalent 
saturated fatty acid having a carbon number of 3-14. 

4, The use according to claim 3, wherein said monovalent saturated fatty acid is a straight chain 
30 monovalent saturated fatty acid having a carbon number of 5-10 and/or a branched-chain monovalent 
saturated fatty acid having a carbon number of 7-9 in which an amount of the branched-chain 
monovalent saturated fatty acid is not less than 50 mol% per total monovalent saturated fatty acid 
used. 

35 5. The use according to claim 4, wherein said monovalent saturated fatty acid is selected from the group 
consisting of pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic 
acid, isoheptanoic acid, 2-methylhexanoic acid, 2,2-dimethylpentanoic acid, 2-ethyIpentanoic acid, 3- 
ethylpentanoic acid, 3-methylhexanoic acid, 4-methylhexanoic acid, 5-methylhexanoic acid, isooctanoic 
acid, 2-methylheptanoic acid, 3-methylheptanoic acid, 4-methyiheptanoic acid, 2-ethylhexanoic acid, 2- 

40 propylpentanoic acid, 2,2-dimethylhexanoic acid, 2,4-dimethylhexanoic acid, 3,5-dimethylhexanoic acid, 
2,2,4-trimethylpentanoic acid, isononanoic acid, 2-methyloctanoic acid, 3-methyloctanoic acid, 2,2- 
dimethylheptanoic acid, 2-ethylheptanoic acid and 3,5,5-trimethylhexanoic acid. 

6. The use according to anyone of claims 1 to 5, wherein said ester has a hydroxyl value of not more than 
45 50, a dielectric constant at 80* C of not less than 10 12 0 *cm and a two-phase separation temperature 

at low temperature side of not higher than -40 "C in the coexistence with said hydrofluorocarbon 
refrigerant. 

7. The use according to anyone of claims 1 to 6, wherein said hydrofluorocarbon refrigerant is 1,1,1,2- 
50 , tetrafluoroethane. 

8. The use according to claim 2, wherein said saturated polybasic acis is selected from the group 
consisting of succinic acid, glutaric acid, adipic acid, suberic acid, pimelic acid, azelaic acid and 
s bacic acid. 

55 

9. A lubricant for compr ssors using a hydrofluorocarbon r frig rant containing no chlorine, comprising as 
a main compon nt an st r(s) obtained by r acting (a) at least one polyval nt alcohol sel cted from th 
group consisting of p ntaerythritol, dipentaerythritol and tripenta rythritol with (b) at I ast on straight 
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chain or branch d-chain monoval nt saturated fatty acid having a carbon number of 2-18. 

A lubricant for compr ssors using a hydrofluorocarbon r frig rant containing no chlorin , comprising as 
a main compon nt an est r (s) obtained by r acting (a) at least one polyvalent alcohol s I cted from 
the group consisting of pentaerythritol, dipentaerythritol and tripentaerythritol with (b) at least one 
straight chain or branched-chain monovalent saturated fatty acid having a carbon number of 2-18 and 
(c) at least one saturated polybasic acid having a carbon number of 4-10 in which an amount of said 
saturated polybasic acid is not more than 80 mol% per total of said monovalent saturated fatty acid and 
said saturated polybasic acid used. 
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